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Abstract: A challenge for law enforcement agencies is the many positions that need filling.
Agencies may modify their applicant test battery (ATB; multilevelled testing including fitness,
background checks, psychological evaluations) to increase the hiring pool of potential recruits by
augmenting the utility of testing. This study determined fitness differences of law enforcement recruits
hired under two different ATB protocols. Retrospective analysis was conducted on seven academy
classes (442 males, 84 females) hired under an older ATB, and one class (45 males, 13 females) hired
under a newer ATB. Recruits completed the following before academy: 60 s push-ups and sit-ups
(muscular endurance); vertical jump (lower-body power); medicine ball throw (upper-body power);
75 yard pursuit run (75PR; change-of-direction speed); and 20 m multistage fitness test (20MSFT;
aerobic fitness). Independent sample t-tests (p ≤ 0.001) and effect sizes (d) evaluated between-group
fitness differences for recruits hired under the different ATB protocols (combined sexes, males,
and females). There were no significant differences between the ATB groups. However, newer ATB
female recruits completed 13% fewer 20MSFT shuttles than the older ATB group, which, although not
significant (p = 0.007), did have a moderate effect (d = 0.62). Females hired under the newer ATB had
lower aerobic fitness, which could impact physical training performance and graduation.
Keywords: 75 yard pursuit run; aerobic fitness; multistage fitness test; occupational testing;
police; tactical
1. Introduction
Law enforcement can be a physically demanding profession. During a shift, officers can be required
to exert force during pushing, pulling, lifting, carrying, or dragging tasks [1]. Officers may also need
to complete job-specific tasks, including driving vehicles [2], defensive tactics [3], civilian or partner
rescue [4], and pursuing and apprehending suspects [3,4]. Due to these demands, physical training
forms an important component of the academy training process. Academy training is where law
enforcement training staff will develop recruits to meet the physical challenges of the job, while also
teaching the necessary procedures, skills, and expected values and behavior expected of a law
enforcement officer [5,6].
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The hiring process for a law enforcement agency (LEA) is multilayered, and can include (but is not
limited to) fitness and medical examinations, background checks, and psychological evaluations [7,8].
Many LEAs use physical fitness testing as part of the hiring process in an attempt to ensure recruits
have the underlying capacities needed to complete academy training [9–11] and future job-specific
tasks [12]. For example, recruits with a better grip strength [3] and vertical jump (VJ) [13] were
less likely to experience injuries and illness. Dawes et al. [9] found that the number of push-ups
completed in 60 s and VJ height were the best predictors of recruit graduation from a state patrol
academy. Shusko et al. [11] detailed that push-ups completed in 60 s and aerobic fitness measured
by the 2.4 km (1.5 mile run) were the best predictors of graduation for municipal police academy
recruits. In their study, Lockie et al. [10] documented that recruits who separated due to injury or
physical training failures were slower in the 75 yard pursuit run (75PR) and completed fewer 20 m
multistage fitness test (20MSFT) shuttles. Ensuring recruits have the fitness necessary to complete
academy training is important. Losing recruits during academy can bring high financial costs to an
agency [11], and recruiting individuals with greater fitness could alleviate this risk.
A challenge for many LEAs is that they have a high number of positions that need to be filled.
Finding enough suitable candidates is a problem faced by law enforcement organizations [14]. There are
a number of societal issues that are affecting the number of suitable applicants an agency will receive.
For example, within the American general population, the number of males and females who are
physically active has gone down [15,16], which has coincided with an increase in obesity across almost
all adult age groups [17,18]. This means that there are likely to be less people in the general population
who could meet the minimum fitness standards required for many agencies. In addition, there are also
people who view law enforcement as a less attractive profession [19,20], further diluting the available
candidate pool.
Because of the need to fill positions, some agencies may adapt their hiring process to potentially
allow more recruits to reach academy training [21,22]. Agencies may also review hiring practices as
required by local and federal laws, consent decrees, evolving job standards, and pertinent research.
The LEA in this study modified their applicant test battery (ATB), which incorporated multiple levels
of testing including fitness, background checks, and psychological evaluations, to increase the number
of applicants eligible to attend the academy. This allowed for the training of 100–200 more recruits per
year. Information about all changes to ATB procedures were not made available to the researchers.
However, specific to fitness testing, the 2.4 km run was replaced by the 20MSFT and the arm ergometer
was removed from hiring fitness tests. This was in part changed to allow for greater utility in testing,
such that multiple sites could be used to widen the candidate pool. The purpose of this study was
to determine any differences in the fitness of law enforcement recruits hired under the two different
ATB protocols from one LEA. It was hypothesized that there would be minor, if any, differences in the
fitness of recruits hired under the older and newer ATB.
2. Materials and Methods
2.1. Subjects
Data were released with consent from one USA-based LEA. A total of 584 recruits
(age = 27.31 ± 6.19 years; height = 1.73 ± 0.09 m; body mass = 80.50 ± 13.60 kg) were
analyzed in this study, comprising 487 males (age = 27.21 ± 5.93 years; height = 1.75 ± 0.07 m;
body mass = 83.65 ± 12.06 kg) and 97 females (age = 27.81 ± 7.39 years; height = 1.63 ± 0.06 m;
body mass = 64.66 ± 9.11 kg). The sample included 526 recruits (442 males, 84 females) that were hired
under the older ATB, and 58 recruits (45 males, 13 females) hired under the newer ATB. Only those
recruits with full datasets were considered in the analysis for this study. The characteristics of the
subjects in this study, and the between-sex ratio, was similar to that from previous law enforcement
research [4,6,10,12,23–26]. Based on the archival nature of this study, the institutional ethics committee
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approved the use of pre-existing data (HSR-17-18-370). This study also conformed to the Declaration
of Helsinki recommendations [27].
2.2. Procedures
Retrospective analysis was conducted on seven academy classes hired under an older ATB from
2017–2018, and one class hired under the newer ATB in 2019. The data in this study were collected by
staff in the week preceding academy training for all the classes that were analyzed, and established
procedures were used. Recruits had familiarity with the assessments used at the start of academy,
as they were required to complete tests such as the push-ups, sit-ups, and the 75PR as part of the hiring
process. Nonetheless, the data collected by the staff were used for record at the LEA. The staff were all
trained by a certified tactical strength and conditioning facilitator who verified the proficiency of each
staff member. Prior to testing, each recruit’s age, height, and body mass were recorded. Height was
measured using a portable stadiometer (seca, Hamburg, Germany), while body mass was recorded by
electronic digital scales (Omron Healthcare, Kyoto, Japan). Following this, recruits from all classes
completed a series of dynamic movements (e.g., squats, lunges, push-ups, shoulder and hip mobility
movements) that served as a warm-up. These movements were an extension of the standardized
stretches used by this agency as part of the testing within the hiring process [28]. All tests were
conducted outdoors on concrete or asphalt surfaces at the LEA’s training facility on a day scheduled
by the LEA staff. Testing occurred between 09:00–14:00 (9:00 a.m.–2:00 p.m.) depending on recruit
availability. Recruits generally did not eat in the 2–3 h prior to their testing session as they were
completing employee-specific documentation for the LEA. The weather conditions for testing for all
classes were typical of the climate of southern California. Although conducting testing outdoors is
not ideal, there was no available indoor testing facility available for this agency and these procedures
followed standard guidelines for this LEA [4,6,10,12,23,24,29]. Recruits rotated through the fitness tests
in small groups of 3–4, except for the 20MSFT which was completed last in groups of 14–16. Recruits
were allocated to a testing station before rotating to the next station once all groups were completed.
All recruits completed the 20MSFT last. The testing procedures were typical of staff from this agency,
and within a range of published research [10,25,29–31]. The recruits were permitted to consume water
as required during testing.
2.3. Push-Ups
Upper-body muscular endurance was assessed via a push-up test where recruits completed as
many repetitions as possible in 60 s. This is a standard test in law enforcement, and the protocol
for this test followed established procedures [4,6]. A tester placed a fist on the floor directly under
the recruit’s chest to ensure they descended to an appropriate depth. Although there may be some
limitations with this approach, this ensured recruits descended to the required depth. All female
recruits were partnered with a female tester. On the start command, the tester began the stopwatch
and the recruit flexed their elbows and lowered themselves until their chests contacted the tester’s
fist before they extended their elbows to return to the start position. Recruits performed as many
push-ups as possible using this technique within the time period. The recorded result was the number
of correctly completed repetitions.
2.4. Sit-Ups
Abdominal muscular endurance was assessed via the sit-up test where recruits completed as
many repetitions as possible in 60 s. The sit-up test is also a standard test in law enforcement [4,6].
The recruits laid on their backs with their knees flexed to 90◦, heels flat on the ground, and arms
crossed over the chest. The feet were held to the ground by a tester who also counted the repetitions as
they were positioned in a manner in which they could view the technique and could communicate with
the recruit. On the start command, recruits raised their shoulders from the ground while keeping their
arms crossed over the chest and touched their elbows to their knees. The recruit then descended back
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down until their shoulder blades contacted the ground. Recruits completed as many repetitions as
possible using this technique within the time period. The recorded result was the number of correctly
completed repetitions.
2.5. Vertical Jump (VJ)
A Vertec apparatus (Perform Better, West Warwick, RI, USA) was used to measure the VJ height.
The VJ provided an indirect measure of lower-body power, and established protocols were used to
measure jump height [29]. The recruit stood side-on to the Vertec (on the dominant side), and while
keeping their heels on the ground reached upward as high as possible to displace as many vanes as
possible. The last vane moved was the zero reference. The recruit then jumped as high as possible,
with no preparatory step, and height was recorded from highest vane moved. No restrictions were
placed on the range of countermovement during the jump. Each subject completed two trials, with a
between-trial recovery time of a minimum of 60 s. These procedures followed that recommended by
the National Strength and Conditioning Association [32,33], and that from a multitude of previous
studies [10,29–31,34–37]. VJ height was calculated in inches by subtracting the standing reach height
from the jump height, before being converted to cm, with the best trial used for analysis.
2.6. The 75 Yard Pursuit Run (75PR)
The 75PR was designed to simulate a foot pursuit for a law enforcement officer [12,37], and provided
a measure of change-of-direction speed (Figure 1). The recruit completed five linear sprints about
a square grid (each side was 12.1 m; the diagonal distance was 17.1 m), while completing four,
45◦ direction changes zig-zagging across the grid. Recruits stepped over three barriers that were 2.44 m
in length and 0.15 m in height that simulated curbs during three of the five sprints. Time was recorded
via a stopwatch, from the initiation of movement at the start, until the recruit crossed the finish line.
Stopwatch timing was the standard measurement technique for this test [12]. Testers trained in the
use of stopwatch timing procedures for running tests can record reliable data [38]. The procedures
used in this study to measure the 75PR has been shown to have high trial-to-trial reliability (intra-class
correlation coefficient = 0.85) [39]. Two trials were completed with at a minimum of 2 min rest between
trials, due to how recruits rotated through this testing station. This also followed recommendations from
the National Strength and Conditioning Association [32,33], and the 75PR data collection procedures
have featured in numerous published studies [10,12,24,30,39,40]. The fastest trial, recorded in seconds,
was analyzed.
2.7. Medicine Ball Throw (MBT)
The MBT was used to indirectly measure upper-body power, with established procedures
utilized [29]. Recruits sat on the ground with their head, shoulders, and lower back against a concrete
wall, and projected a 2 kg medicine ball (Sport Supply Group, Inc., Farmers Branch, TX, USA) as far as
possible using a two-handed chest pass. The ball was lightly dusted with chalk to assist with grip,
and to mark the landing spot of the ball. Throw distance was measured using a standard tape measure
as the perpendicular distance from the wall to the chalk-marking closest to the wall made by the ball to
the nearest centimeter. Two trials were completed, with a between-trial recovery time of a minimum
of 60 s. As for the VJ, These procedures followed National Strength and Conditioning Association
recommendations [32,33] previous research [10,29,30]. The best trial, reported in meters, was analyzed.
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2.8. Multistage Fitness Test (20MSFT)
The 20MSFT was used to measure maximal aerobic capacity in the recruits and was conducted
outdoors on an phalt surface, which was the standar venue used at the LEA’s facility [23].
Recruits were required t run back and fort between two lines spaced 20 m apart, which w r
indic te by markers. The speed of running for this test was standardized by pre-recorded auditory
cues (i.e., beeps) played from an iPad handheld device (Apple Inc., Cupert no, CA, USA) connected via
Bluet oth to a port ble speaker (ION Block Rocker, Cumberland, RI, USA). The speaker was located in
th center of the runni g are , and positioned in such a way that it would not interfere with the recruits.
The t st was termin t d when the ecruit was unable t reach the l nes twice in a row in accordanc
with the auditory cues. This test was scor d ac ording t the final level nd sta e the recruit was able
to achieve, and the l vel and tage results were converted to the total number of shuttl s completed.
This approach has been used in a number of law enforcement-specific studies [9,10,23,26,30,41–44].
2.9. Statistical Analysis
All statistical analyses were computed using the Statistics Package for Social Sciences (Version 26.0;
IBM Corporation, New York, NY, USA). Normality of the fitness test data was confirmed by visual
analysis of the Q-Q plots [45–47]. Descriptive statistics (mean ± standard deviation (SD)) were
calculated for each variable. Independent sample t-tests were utilized to calculate any differences in
age, height, body ass, and p ysical fitness between the older and newer TB groups. Data were
analyzed with both sexes combined, in addition to males and females separately. The sexes were
analyzed separately as numerous stu ies have documented sex differences in the physical performance
of law enforcement populations [6,12,23,29]. Following Bo ferroni correction for number of statistical
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tests of significance performed for the combined-sex, male, and female samples, the overall level of
significance was set a priori at p ≤ 0.001 to limit type I errors [9]. Effect sizes (d) were also derived for
the between-group comparisons for all recruits combined, males, and females, where the difference
between the means was divided by the pooled SD [48]. A d less than 0.2 was considered a trivial effect;
0.2 to 0.6 a small effect; 0.6 to 1.2 a moderate effect; 1.2 to 2.0 a large effect; 2.0 to 4.0 a very large effect;
and 4.0 and above an extremely large effect [49]. The effect size analyses were included in this study to
ascertain how much difference existed between the groups irrespective of the p value [50,51]. This was
also conducted to ensure the study results could be interpreted in a manner that would provide useful
and practical information for law enforcement training staff and practitioners [9,10,25,51–55].
3. Results
The data for all recruits combined are shown in Table 1. For all recruits, equal variances were
assumed for all variables except for body mass. There were no significant between-group differences in
age, height, body mass, or any of the fitness tests. All effect sizes were trivial to small. Table 2 displays
the data for the male recruits. For the males, equal variances were assumed for all variables except
body mass and the MBT. There were no significant between-group differences for the males, and all
comparisons had trivial-to-small effects.
Table 1. Descriptive and fitness testing data from recruits hired under an older ATB (n = 526), versus
one class hired under the LEA’s newer ATB (n = 58).
Variables Older ATB Newer ATB p d
Age (years) 27.29 ± 6.11 27.43 ± 6.48 0.874 0.02
Height (m) 1.74 ± 0.09 1.71 ± 0.09 0.018 0.33
Body mass (kg) 80.47 ± 13.25 80.75 ± 16.56 0.901 0.02
Push-ups (no.) 42.93 ± 14.44 42.45 ± 14.82 0.809 0.03
Sit-ups (no.) 35.68 ± 9.16 33.98 ± 7.43 0.173 0.20
VJ (cm) 53.52 ± 12.74 52.27 ± 15.90 0.492 0.09
MBT (m) 5.83 ± 1.21 5.96 ± 1.51 0.464 0.10
75PR (s) 17.08 ± 1.24 16.76 ± 1.02 0.057 0.28
20MSFT shuttles (no.) 54.37 ± 17.82 49.98 ± 14.07 0.070 0.27
Table 2. Descriptive and fitness testing data from male recruits hired under an older ATB (n = 442),
versus one class hired under the LEA’s newer ATB (n = 45).
Variables Older ATB Newer ATB p d
Age (years) 27.16 ± 5.81 27.71 ± 7.01 0.550 0.09
Height (m) 1.76 ± 0.07 1.73 ± 0.08 0.021 0.40
Body mass (kg) 83.47 ± 11.70 85.44 ± 15.23 0.404 0.15
Push-ups (no.) 46.19 ± 12.65 47.00 ± 13.29 0.685 0.06
Sit-ups (no.) 36.44 ± 9.22 34.24 ± 7.77 0.123 0.26
VJ (cm) 55.91 ± 11.27 56.34 ± 15.53 0.818 0.03
MBT (m) 6.17 ± 0.95 6.50 ± 1.26 0.094 0.30
75PR (s) 16.83 ± 1.09 16.46 ± 0.85 0.029 0.38
20MSFT shuttles (no.) 55.36 ± 17.94 52.51 ± 14.56 0.302 0.17
Table 3 shows the female recruit data. For the females, equal variances were assumed for all
variables except the 20MSFT. Female recruits hired under the newer ATB completed 16% fewer 20MSFT
shuttles compared to females hired under the older ATB which, although not significant, had a
moderate effect. There was also a moderate effect for the 3% faster 75PR completed by females hired
under the newer ATB, although the differences with females from the older ATB was not significant.
There were no other significant differences in age, height, body mass, or fitness test performance for
the female recruits, with all effects trivial to small.
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Table 3. Descriptive and fitness testing data from female recruits hired under an older ATB (n = 84),
versus one class hired under the LEA’s newer ATB (n = 13).
Variables Older ATB Newer ATB p d
Age (years) 28.02 ± 7.76 26.46 ± 4.29 0.481 0.25
Height (m) 1.62 ± 0.06 1.63 ± 0.05 0.839 0.18
Body mass (kg) 64.69 ± 9.14 64.53 ± 9.22 0.955 0.02
Push-ups (no.) 25.77 ± 10.70 26.69 ± 7.02 0.766 0.10
Sit-ups (no.) 31.68 ± 7.69 33.08 ± 6.30 0.535 0.20
VJ (cm) 40.89 ± 12.62 38.20 ± 6.25 0.453 0.27
MBT (m) 4.05 ± 0.78 4.08 ± 0.39 0.878 0.05
75PR (s) 18.42 ± 1.16 17.79 ± 0.89 0.064 0.61
20MSFT shuttles (no.) 49.13 ± 16.29 41.23 ± 7.56 0.007 0.62
4. Discussion
This study investigated the characteristics and fitness test performance of law enforcement recruits
hired under older and newer ATB. As stated, the LEA analyzed in this study in part changed their
ATB procedures so they could more efficiently test more applicants in more locations to increase the
pool eligible to attend the academy. The results from this study indicated that there were minimal
differences between recruits hired under the older and newer ATB. However, the data did show that
the females from the class hired under the newer ATB had lower aerobic capacity as measured by
the 20MSFT. Given that many agencies want to hire and retain more women [56–58], this finding has
important implications for LEA staff.
The data indicated that the characteristics (age, height, and body mass) of the recruits were
similar between the older and newer ATB groups, were typical of similar populations from the
literature [4,6,10,12,23]. When all recruits were combined, there was a non-significant, small effect in
height for those hired under the older ATB compared to those hired under the newer ATB, which was
likely due to the males. Indeed, the males in the older ATB group had a mean height taller than
those in the newer ATB group. However, this difference, although it did have a small effect, was not
significant. These results may have occurred due to the variation that occurs across recruits in different
law enforcement academy classes [6]. Lockie et al. [6] found differences in the mean height of recruits
across 11 classes from the one LEA. Nonetheless, it can be stated that the characteristics of the recruits
hired under the newer ATB were not significantly different to those hired under the older ATB within
the parameters of this study.
There were few differences in fitness test performance between the older and newer ATB
groups. Each of the fitness tests included in this research has applicability to law enforcement
recruits. Push-ups and sit-ups are staple tests of muscular endurance for law enforcement
populations [4,6]. Greater muscular endurance measured by push-up repetitions could influence
academy graduation [9,11], while better performance in both tests has been related to job tasks including
running, jumping, and climbing [4]. The VJ provides a measure of lower-body power [29], and has been
linked to academy graduation [9]. The MBT provides a measure of upper-body power [29], and this
quality is needed in policing job tasks requiring upper-body pushing and striking [1]. Even with the
newer ATB implemented to increase the number of recruits trained per year, this initial analysis of
a class hired under these new procedures suggested that they were similar to established standards
from the older ATB group relative to upper-body and abdominal muscular endurance, and upper- and
lower-body power.
However, there were some differences between the older and newer ATB groups worth discussing.
The most notable result from this study was the performance of the newer and older ATB female
recruit groups in the 20MSFT. Female recruits hired under the older ATB were superior in the 20MSFT
compared to those hired under the newer ATB. The disparity in completed shuttles was not significant
in the context of this study, but the effect size difference was moderate. This is important to note, as the
magnitude of difference shown by the effect size data arguably provides more important information to
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the practitioner than just the p value alone [51,59]. These results could be an area of focus for the newer
ATB females for several reasons. Female recruits tend to demonstrate lower aerobic capacity measured
by tests such as the 20MSFT and 2.4 km run compared to males [6,12,23]. Accordingly, many female
recruits are starting academy at a physiological disadvantage compared to their male colleagues [6].
This could mean that females within an academy class are working at a higher relative intensity than
their male counterparts, which could increase their risk of injury [60,61]. Further to this, better aerobic
fitness has also been linked to greater potential for academy graduation [9–11]. and can also assist
with recovery from exercise [62]. The ability to recover from physical training may indirectly help
female recruits in other areas of academy (e.g., female recruits that can recover more effectively from
an intense training session may be able to study the required academics more effectively). If female
recruits being hired under a newer ATB consistently demonstrate lower aerobic fitness, this could lead
to more females being separated from academy, due to factors such as physical training or academic
failures or injury [10]. This could have large scale implications for the LEA relative to the retention of
female recruits [56–58]. Several studies have noted the importance of targeted aerobic fitness training
for female recruits [23], and that is supported by the results from this study. It should be noted that
the sample of females in the newer ATB group was small (n = 13). Further analysis is required to
determine whether females hired under the newer ATB consistently demonstrate lesser aerobic fitness.
Additionally, the impact of any ATB changes on hiring numbers, whether this influences incoming
female recruit fitness levels, and any potential impacts on recruit separation and/or injury rates should
be a focus of future research.
The faster 75PR attained by females hired under the newer ATB compared to those from the older
ATB had a moderate effect, although any differences were not significant in the context of this study.
The 75PR was designed to simulate a foot pursuit and provides a measure of change-of-direction
speed [12,37]. Lockie et al. [10] found that recruits who did not graduate from a law enforcement
training academy tended to be slower in the 75PR. Accordingly, the 75PR provides a measure of
physical characteristics important to law enforcement recruits. Post et al. [37] showed that greater
linear and change-of-direction speed, and lower-body multidirectional power and isometric strength,
correlated with a faster 75PR in male and female civilians. It could be that the newer ATB female
recruits were superior in these qualities relative to the older ATB female recruits. However, only one
class hired under the newer ATB was analyzed, and these data could have occurred due to the variation
occurring across academy classes [6]. Further research is needed incorporating more classes hired
under the newer ATB to determine whether these differences are consistent with future academy
classes, and whether any differences arise in male recruits.
Several limitations to this study should be noted. There was a large discrepancy between the older
and newer ATB groups (526 recruits vs. 58 recruits). Nevertheless, only data from one class hired under
the newer ATB were available for the researchers. The researchers were not privy to all information
regarding the newer ATB for a variety of reasons. As a result, this study did not consider other
factors that could be influenced by newer ATB, including medical and psychological evaluations [7,8].
Nonetheless, it is of value to determine whether changes to an ATB are reflected in fitness tests across
academy classes. The nature of field testing introduces some level of error to testing [33]. Nonetheless,
the data collected and analyzed in this study were used for record at the LEA, and data collected
via the procedures detailed have been published in numerous studies [4,6,10,12,23,24,26,29–31,39–42].
Maximal strength was not measured within the fitness testing battery, despite its importance for law
enforcement job tasks [8,63,64]. This study also only included data from one LEA. As fitness test
performance can vary across recruits from different agencies [65], individual LEAs may need to conduct
their own studies to detail the effects of any changes their staff may make to their own ATB.
5. Conclusions
The results showed that there were limited fitness differences between classes hired under older
and newer ATB from one agency. However, females in the recruit class hired under the newer ATB
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exhibited lower aerobic fitness measured by the 20MSFT. This could affect how the female recruits
hired under the newer ATB perform during physical training, and influence their ability to graduate
academy. Where possible, training staff should ensure that female recruits lacking in a specific physical
quality receive appropriate training to develop shortcomings that could influence their ability to
graduate academy. Future research should also investigate more classes hired under the newer ATB to
determine whether the results shown in this study remain consistent with a larger sample.
Author Contributions: Conceptualization, R.G.L. and J.M.D.; Methodology, R.G.L., J.J.D., J.M.D., and R.M.O.;
Investigation, R.G.L., J.J.D., M.R.M., M.B.M., T.J.R., A.M.B., J.M.D., and R.M.O.; Data Curation, R.G.L., M.R.M.,
M.B.M., T.J.R., and A.M.B.; Writing—Original Draft Preparation, R.G.L., M.R.M., M.B.M., T.J.R., and A.M.B.;
Writing—Review and Editing, R.G.L., J.J.D., M.R.M., M.B.M., T.J.R., A.M.B., J.M.D., and R.M.O. All authors have
read and agreed to the published version of the manuscript.
Funding: This research received no external funding.
Acknowledgments: The authors would like to thank the training instructors for facilitating this research, and the
California State University, Fullerton tactical research team for collating the data.
Conflicts of Interest: The authors declare no conflict of interest.
References
1. Dawes, J.J.; Orr, R.; Siekaniec, C.L.; VanDerWoude, A.A.; Pope, R. Associations between anthropometric
characteristics and physical performance in male law enforcement officers: A retrospective cohort study.
Ann. Occup. Environ. Med. 2016, 28, 26. [CrossRef] [PubMed]
2. Gyi, D.E.; Porter, J.M. Musculoskeletal problems and driving in police officers. Occup. Med. 1998, 48, 153–160.
[CrossRef]
3. Orr, R.; Pope, R.; Stierli, M.; Hinton, B. Grip Strength and Its Relationship to Police Recruit Task Performance
and Injury Risk: A Retrospective Cohort Study. Int. J. Environ. Res. Public Health 2017, 14, 941. [CrossRef]
4. Lockie, R.G.; Dawes, J.J.; Balfany, K.; Gonzales, C.E.; Beitzel, M.M.; Dulla, J.M.; Orr, R. Physical Fitness
Characteristics That Relate to Work Sample Test Battery Performance in Law Enforcement Recruits. Int. J.
Environ. Res. Public Health 2018, 15, 2477. [CrossRef] [PubMed]
5. Berg, B.L. First Day at the Police Academy: Stress-Reaction-Training as a Screening-Out Technique. J. Contemp.
Crim. Justice 1990, 6, 89–105. [CrossRef]
6. Lockie, R.G.; Dawes, J.J.; Orr, R.M.; Dulla, J.M. Recruit Fitness Standards From a Large Law Enforcement
Agency. J. Strength Cond. Res. 2020, 34, 934–941. [CrossRef] [PubMed]
7. Cochrane, R.E.; Tett, R.P.; VandeCreek, L. Psychological Testing and the Selection of Police Officers.
Crim. Justice Behav. 2003, 30, 511–537. [CrossRef]
8. Arvey, R.D.; Landon, T.E.; Nutting, S.M.; Maxwell, S.E. Development of physical ability tests for police
officers: A construct validation approach. J. Appl. Psychol. 1992, 77, 996–1009. [CrossRef]
9. Dawes, J.J.; Lockie, R.G.; Orr, R.M.; Kornhauser, C.; Holmes, R.J. Initial fitness testing scores as a predictor of
police academy graduation. J. Aust. Strength Cond. 2019, 27, 30–37.
10. Lockie, R.G.; Balfany, K.; Bloodgood, A.M.; Moreno, M.R.; Cesario, K.A.; Dulla, J.M.; Dawes, J.J.; Orr, R.M.
The Influence of Physical Fitness on Reasons for Academy Separation in Law Enforcement Recruits. Int. J.
Environ. Res. Public Health 2019, 16, 372. [CrossRef]
11. Shusko, M.; Benedetti, L.; Korre, M.; Eshleman, E.J.; Farioli, A.; Christophi, C.A.; Kales, S.N. Recruit Fitness
as a Predictor of Police Academy Graduation. Occup. Med. 2017, 67, 555–561. [CrossRef] [PubMed]
12. Cesario, K.A.; Dulla, J.M.; Moreno, M.R.; Bloodgood, A.M.; Dawes, J.J.; Lockie, R.G. Relationships between
assessments in a physical ability test for law enforcement: Is there redundancy in certain assessments? Int. J.
Exerc. Sci. 2018, 11, 1063–1073.
13. Orr, R.; Pope, R.; Peterson, S.; Hinton, B.; Stierli, M. Leg Power as an Indicator of Risk of Injury or Illness in
Police Recruits. Int. J. Environ. Res. Public Health 2016, 13, 237. [CrossRef] [PubMed]
14. Bornstein, D.B.; Grieve, G.L.; Clennin, M.N.; McLain, A.C.; Whitsel, L.P.; Beets, M.W.; Hauret, K.G.; Jones, B.H.;
Sarzynski, M.A. Which US States Pose the Greatest Threats to Military Readiness and Public Health? Public
Health Policy Implications for a Cross-sectional Investigation of Cardiorespiratory Fitness, Body Mass Index,
and Injuries Among US Army Recruits. J. Public Health Manag. Pract. 2019, 25, 36–44. [CrossRef] [PubMed]
Int. J. Environ. Res. Public Health 2020, 17, 7512 10 of 12
15. Caspersen, C.J.; Pereira, M.A.; Curran, K.M. Changes in physical activity patterns in the United States, by
sex and cross-sectional age. Med. Sci. Sports Exerc. 2000, 32, 1601–1609. [CrossRef]
16. Troiano, R.P.; Berrigan, D.; Dodd, K.W.; Mâsse, L.C.; Tilert, T.; McDowell, M. Physical Activity in the United
States Measured by Accelerometer. Med. Sci. Sports Exerc. 2008, 40, 181–188. [CrossRef]
17. Centers for Disease Control and Prevention. Prevalence of Self-Reported Obesity Among U.S. Adults by
State and Territory. Available online: https://www.cdc.gov/obesity/data/prevalence-maps.html (accessed on
3 February 2020).
18. Fryar, C.D.; Gu, Q.; Ogden, C.L.; Flegal, K.M. Anthropometric Reference Data for Children and Adults:
United States, 2011–2014. Vital- Health Stat. 2016, 3, 1–46.
19. Kaste, M. America’s Growing Cop Shortage. Available online: https://www.npr.org/2018/12/12/675359781/
americas-growing-cop-shortage (accessed on 5 July 2020).
20. Roufa, T. Why Police Departments Are Facing Recruitment Problems. Available online: https://
www.thebalancecareers.com/why-police-departments-are-facing-recruitment-problems-974771 (accessed on
5 July 2020).
21. Silvester, J.; Pearson, E. Police Recruits Given More Chances to Pass Initial Fitness Test.
Available online: https://www.theage.com.au/national/victoria/police-recruits-will-no-longer-have-to-pass-
initial-fitness-test-20190826-p52ksw.html (accessed on 1 July 2020).
22. Barrett, K.; Greene, R. To Find More ’Good Cops,’ a Few Big Cities Change Their Hiring Process. Available
online: https://www.governing.com/topics/public-justice-safety/gov-police-hiring-test-recruit-interpersonal-
emotional-intelligence.html (accessed on 1 July 2020).
23. Lockie, R.G.; Hernandez, J.A.; Moreno, M.R.; Dulla, J.M.; Dawes, J.J.; Orr, R.M. 2.4-km Run and 20-m
Multistage Fitness Test Relationships in Law Enforcement Recruits After Academy Training. J. Strength Cond.
Res. 2020, 34, 942–945. [CrossRef]
24. Bloodgood, A.M.; Dawes, J.J.; Orr, R.M.; Stierli, M.; Cesario, K.A.; Moreno, M.R.; Dulla, J.M.; Lockie, R.G.
Effects of Sex and Age on Physical Testing Performance for Law Enforcement Agency Candidates. J. Strength
Cond. Res. 2019. [CrossRef]
25. Lockie, R.G.; Beitzel, M.M.; Dulla, J.M.; Dawes, J.J.; Orr, R.M.; Hernandez, J.A. Between-Sex Differences
in the Work Sample Test Battery Performed by Law Enforcement Recruits: Implications for Training and
Potential Job Performance. J. Strength Cond. Res. 2020, in press. [CrossRef]
26. Lockie, R.G.; Dawes, J.J.; Moreno, M.R.; Cesario, K.A.; Balfany, K.; Stierli, M.; Dulla, J.M.; Orr, R.M.
Relationship Between the 20-m Multistage Fitness Test and 2.4-km Run in Law Enforcement Recruits.
J. Strength Cond. Res. 2019. [CrossRef]
27. World Medical Association. World Medical Association Declaration of Helsinki. Recommendations guiding
physicians in biomedical research involving human subjects. JAMA 1997, 277, 925–926. [CrossRef]
28. Gebhardt, D.L.; Baker, T.A. Physical Ability Test Manual Los Angeles County Sheriff’s Department;
Human Performance Systems, Inc.: Beltsville, MD, USA, 2010.
29. Lockie, R.G.; Dawes, J.J.; Orr, R.; Stierli, M.; Dulla, J.M.; Orjalo, A.J. Analysis of the Effects of Sex and Age on
Upper- and Lower-Body Power for Law Enforcement Agency Recruits Before Academy Training. J. Strength
Cond. Res. 2018, 32, 1968–1974. [CrossRef]
30. Lockie, R.G.; Ruvalcaba, T.R.; Stierli, M.; Dulla, J.M.; Dawes, J.J.; Orr, R. Waist Circumference and Waist-to-Hip
Ratio in Law Enforcement Agency Recruits. J. Strength Cond. Res. 2020, 34, 1666–1675. [CrossRef]
31. Moreno, M.R.; Dulla, J.M.; Dawes, J.J.; Orr, R.M.; Cesario, K.A.; Lockie, R.G. Lower-body power and its
relationship with body drag velocity in law enforcement recruits. Int. J. Exerc. Sci. 2019, 12, 847–858.
32. McGuigan, M.R. Administration, Scoring, and Interpretation of Selected Tests. In Essentials of Strength
Training and Conditioning, 4th ed.; Haff, G.G., Triplett, N.T., Eds.; Human Kinetics: Champaign, IL, USA, 2015;
pp. 259–316.
33. McGuigan, M.R. Principles of Test Selection and Administration. In Essentials of Strength Training and
Conditioning, 4th ed.; Haff, G.G., Triplett, N.T., Eds.; Human Kinetics: Champaign, IL, USA, 2015; pp. 249–258.
34. Lockie, R.G.; Callaghan, S.J.; Berry, S.P.; Cooke, E.R.A.; Jordan, C.A.; Luczo, T.M.; Jeffriess, M.D. Relationship
Between Unilateral Jumping Ability and Asymmetry on Multidirectional Speed in Team-Sport Athletes.
J. Strength Cond. Res. 2014, 28, 3557–3566. [CrossRef]
Int. J. Environ. Res. Public Health 2020, 17, 7512 11 of 12
35. Lockie, R.G.; Schultz, A.B.; Callaghan, S.J.; Jeffriess, M.D. The effects of traditional and enforced stopping
speed and agility training on multidirectional speed and athletic performance. J. Strength Cond. Res. 2014, 28,
1538–1551. [CrossRef]
36. Collins, K.S.; Coburn, J.W.; Galpin, A.J.; Lockie, R.G. Relationships and Reliability Between a Drive Block
Test and Traditional Football Performance Tests in High School Offensive Line Players. J. Strength Cond. Res.
2018, 32, 3423–3432. [CrossRef]
37. Post, B.K.; Dawes, J.J.; Lockie, R.G. Relationships Between Tests of Strength, Power, and Speed and the
75-Yard Pursuit Run. J. Strength Cond. Res. 2019. [CrossRef] [PubMed]
38. Hetzler, R.K.; Stickley, C.D.; Lundquist, K.M.; Kimura, I.F. Reliability and Accuracy of Handheld Stopwatches
Compared with Electronic Timing in Measuring Sprint Performance. J. Strength Cond. Res. 2008, 22,
1969–1976. [CrossRef] [PubMed]
39. Lockie, R.; Hernandez, E. The 75-Yard Pursuit Run Performed by Law Enforcement Recruits–Percentile Rankings
and Implications for Training; TSAC Report: Colorado Springs, CO, USA, 2020; pp. 16–22.
40. Lockie, R.G.; Stierli, M.; Dawes, J.; Cesario, K.A.; Moreno, M.R.; Bloodgood, A.M.; Orr, R.M.; Dulla, J.M.
Are there similarities in physical fitness characteristics of successful candidates attending law enforcement
training regardless of training cohort? J. Trainology 2018, 7, 5–9. [CrossRef]
41. Lockie, R.G.; Moreno, M.R.; Cesario, K.A.; McGuire, M.B.; Dawes, J.J.; Orr, R.; Dulla., J.M. The effects of
aerobic fitness on day one physical training session completion in law enforcement recruits. J. Trainology
2019, 8, 1–4. [CrossRef]
42. Moreno, M.R.; Lockie, R.G.; Kornhauser, C.L.; Holmes, R.J.; Dawes, J.J. A preliminary analysis of the
relationship between the multistage fitness test and 300-m run in law enforcement officers: Implications for
fitness assessment. Int. J. Exerc. Sci. 2018, 11, 730–738.
43. Orr, R.M.; Ford, K.; Stierli, M. Implementation of an Ability-Based Training Program in Police Force Recruits.
J. Strength Cond. Res. 2016, 30, 2781–2787. [CrossRef]
44. Dawes, J.J.; Orr, R.M.; Flores, R.R.; Lockie, R.G.; Kornhauser, C.; Holmes, R. A physical fitness profile of state
highway patrol officers by gender and age. Ann. Occup. Environ. Med. 2017, 29, 16. [CrossRef]
45. Jeffriess, M.D.; Schultz, A.B.; McGann, T.S.; Callaghan, S.J.; Lockie, R.G. Effects of Preventative Ankle
Taping on Planned Change-of-Direction and Reactive Agility Performance and Ankle Muscle Activity in
Basketballers. J. Sports Sci. Med. 2015, 14, 864–876.
46. Callaghan, S.J.; Lockie, R.G.; Andrews, W.A.; Chipchase, R.F.; Nimphius, S. The relationship between
inertial measurement unit-derived ‘force signatures’ and ground reaction forces during cricket pace bowling.
Sports Biomech. 2018, 19, 307–321. [CrossRef]
47. Orjalo, A.J.; Lockie, R.G.; Balfany, K.; Callaghan, S.J. The Effects of Lateral Bounds on Post-Activation
Potentiation of Change-of-Direction Speed Measured by the 505 Test in College-Aged Men and Women.
Sports 2020, 8, 71. [CrossRef]
48. Lachenbruch, P.A.; Cohen, J. Statistical Power Analysis for the Behavioral Sciences (2nd ed.). J. Am. Stat.
Assoc. 1989, 84, 1096. [CrossRef]
49. Hopkins, W.G. How to interpret changes in an athletic performance test. Sportscience 2004, 8, 1–7.
50. Durlak, J.A. How to Select, Calculate, and Interpret Effect Sizes. J. Pediatr. Psychol. 2009, 34, 917–928.
[CrossRef] [PubMed]
51. Buchheit, M. The Numbers Will Love You Back in Return—I Promise. Int. J. Sports Physiol. Perform. 2016, 11,
551–554. [CrossRef] [PubMed]
52. Winter, E.M.; Abt, G.; Nevill, A.M. Metrics of meaningfulness as opposed to sleights of significance.
J. Sports Sci. 2014, 32, 901–902. [CrossRef] [PubMed]
53. Lockie, R.G.; Davis, D.L.; Birmingham-Babauta, S.A.; Beiley, M.D.; Hurley, J.M.; Stage, A.A.; Stokes, J.J.;
Tomita, T.M.; Torne, I.A.; Lazar, A. Physiological Characteristics of Incoming Freshmen Field Players in a
Men’s Division I Collegiate Soccer Team. Sports 2016, 4, 34. [CrossRef] [PubMed]
54. Risso, F.G.; Jalilvand, F.; Orjalo, A.J.; Moreno, M.R.; Davis, D.L.; Birmingham-Babauta, S.A.; Stokes, J.J.;
Stage, A.A.; Liu, T.M.; Giuliano, D.V.; et al. Physiological Characteristics of Projected Starters and Non-Starters
in the Field Positions from a Division I Women’s Soccer Team. Int. J. Exerc. Sci. 2017, 10, 568–579.
55. Lockie, R.G.; Moreno, M.R.; Orjalo, A.J.; Stage, A.A.; Liu, T.M.; Birmingham-Babauta, S.A.; Hurley, J.M.;
Torne, I.A.; Beiley, M.D.; Risso, F.G.; et al. Repeated-Sprint Ability in Division I Collegiate Male Soccer
Players. J. Strength Cond. Res. 2019, 33, 1362–1370. [CrossRef]
Int. J. Environ. Res. Public Health 2020, 17, 7512 12 of 12
56. Fernhall, B.; Fahs, C.A.; Horn, G.; Rowland, T.; Smith, D. Acute effects of firefighting on cardiac performance.
Graefe’s Arch. Clin. Exp. Ophthalmol. 2011, 112, 735–741. [CrossRef]
57. Zhao, J.S.; He, N.; Lovrich, N.P. Pursuing Gender Diversity in Police Organizations in the 1990s:
A Longitudinal Analysis of Factors Associated with the Hiring of Female Officers. Police Q. 2006, 9,
463–485. [CrossRef]
58. Felkenes, G.T.; Peretz, P.; Schroedel, J.R. An Analysis of the Mandatory Hiring of Females. Women Crim.
Justice 1993, 4, 31–63. [CrossRef]
59. Cohen, J. Things I have learned (so far). Am. Psychol. 1990, 45, 1304–1312. [CrossRef]
60. Knapik, J.J.; Sharp, M.A.; Canham-Chervak, M.; Hauret, K.; Patton, J.F.; Jones, B.H. Risk factors for
training-related injuries among men and women in basic combat training. Med. Sci. Sports Exerc. 2001, 33,
946–954. [CrossRef]
61. O’Leary, T.J.; Saunders, S.C.; McGuire, S.J.; Venables, M.C.; Izard, R.M. Sex Differences in Training Loads
during British Army Basic Training. Med. Sci. Sports Exerc. 2018, 50, 2565–2574. [CrossRef] [PubMed]
62. Tomlin, D.L.; Wenger, H.A. The Relationship Between Aerobic Fitness and Recovery from High Intensity
Intermittent Exercise. Sports Med. 2001, 31, 1–11. [CrossRef] [PubMed]
63. Dawes, J.; Lockie, R.G.; Kornhauser, C.L.; Holmes, R.J.; Orr, R.M. Relationships Between Absolute and
Relative Strength and Power in Male Police Officers of Varying Strength Levels. J. Sci. Sport Exerc. 2019, 1,
281–288. [CrossRef]
64. Lockie, R.G.; Balfany, K.; Denamur, J.K.; Moreno, M.R. A Preliminary Analysis of Relationships between a
1RM Hexagonal Bar Load and Peak Power with the Tactical Task of a Body Drag. J. Hum. Kinet. 2019, 68,
157–166. [CrossRef] [PubMed]
65. Myers, C.J.; Orr, R.M.; Goad, K.S.; Schram, B.L.; Lockie, R.; Kornhauser, C.; Holmes, R.; Dawes, J.J. Comparing
levels of fitness of police Officers between two United States law enforcement agencies. Work 2019, 63,
615–622. [CrossRef]
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
